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SUMMARY 


The  safe  separation  testing  distance  of  the  155mm  M549  HERA 
Projectiles,  loaded  with  7.3  kg  (16.0  lb)  of  Composition  B,  was 
requested  by  the  Project  Manager  for  Munition  Production 
Modernization  and  Expansion  in  support  of  the  Iowa  Army 
Ammunition  Plant  (AAP ) .  After  a  review  of  the  Load-Assemble-Pack 
(LAP)  operations  at  the  Iowa  AAP,  it  was  determined  that  two 
projectile  conrigurations  warranted  safe  separation  distance 
studies:  (1)  single  projectiles  positioned  vertically  and  (2) 
pallets  of  eight  projectiles  in  a  2  by  4  matrix.  A  program  to 
determine  the  necessary  minimum  non-propagation  distance  was 
drafted  by  ARRADCOM  and  conducted  at  the  National  Space 
Technology  Laboratories  (NSTL)  Station,  Mississippi. 

The  test  program  was  conducted  in  two  distinct  portions, 
each  simulating  actual  LAP  plant  operational  conditions.  Each 
portion  was  further  subdivided  into  unshielded  and  shielded  test 
sections,  with  exploratory  tests  being  conducted  for  all  test 
sections  and  confirmatory  tests  being  conducted  when  necessary. 

The  first  program  consisted  of  an  unshielded  single 
projectile  test  which  included  a  total  of  40  tests  (14 
exploratory  and  26  confirmatory).  The  results  confirmed  the  safe 
separation  non-propagation  distance  of  1.5  m  (5.0  ft)  with  an 
upper  limit  of  6.72  percent  probability  of  propagation  at  the  95 
percent  confidence  level. 

The  second  program  section  was  the  shielded  single 
/cncfCxlle  ^es^s»  utilizing  a  7.6-cm  (3.0-in)  diameter  aluminum 
( 6061-T6)  rod  positioned  vertically  in  a  straight  line  halfway 
between  the  projectiles.  A  total  of  29  tests  (4  exploratory  and 
25  confirmatory)  were  conducted,  resulting  in  the  confirmation  of 
the  safe  separation  non-propagation  distance  of  8.9  cm  (3.5  in) 
with  an  upper  limit  of  6.85  percent  probability  of  propagation  at 
the  95  percent  confidence  level. 

The  third  program  section  was  the  unshielded  palletized 
projectile  tests.  After  four  tests,  the  analysis  of  the  fragment 
damage  to  the  acceptor  projectile  indicated  the  potential  of 
detonation  propagations  for  distances  in  excess  of  9.1  m  (30.0 
ft).  This  program  section  was  subsequently  discontinued. 

The  fourth  and  final  program  section  was  the  shielded 
palletized  projectile  tests,  consisting  of  a  series  of  48  tests 
( 15  expl oratory  and  33  confirmatory)*  The  confirmatory  tests 
utilized  a  shielding  arrangement  consisting  of  two  7.6-cm 


(3.0-in)  diameter  aluminum  (6061-T6)  bars  on  each  end  of  the 
pallets  which  were  aligned  with  the  projectile  centerlines.  The 
results  indicated  a  safe  separation  non-propagation  distance  of 
3.1  m  (10.0  ft)  with  an  upper  limit  of  4.8  percent  probability  of 
propagation  at  the  95  percent  confidence  level. 
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INTRODUCTION 


Background 

Presently,  an  Army-wide  modernization  program  is  upgrading 
existing  facilities,  and  developing  new  explosive  manufacturing 
and  Load-Assembl e-Pack  (LAP)  facilities.  This  programmed  effort 
will  enable  the  U.S.  Army  to  achieve  increased  production  cost 
efficiency  with  improved  functional  safety  of  the  man/item 
relationship.  Furthermore,  greater  flexibility  to  provide 
manufacturing  facilities  for  future  weaponry  systems  within 
existing  facilities  will  be  available.  As  an  integral  part  of 
this  program,  the  Energetic  System  Process  Division,  Large 
Caliber  Weapon  Systems  Laboratory,  ARRADCOM,  Dover,  New  Jersey, 
is  engaged  in  the  continuous  development  of  safety  criteria  as  an 
activity  entitled  "Safety  Engineering  in  Support  of  Ammunition 
Plants".  This  program  includes  safe  separation  (non-propagation) 
distance  studies  of  munition  end-items  as  well  as  bulk  in-process 
explosive  materials.  The  criteria,  developed  within  the  auspices 
of  this  program,  will  be  utilized  as  part  of  the  basis  for  the 
design  of  all  explosive  production  installations  due  for 
modernization  and  will  be  available  for  reference  purposes  to 
Privately-Owned  and  Privately-Operated  (POPO)  plants  engaged  in 
ordnance  manufacturing  operations. 

The  activities  described  in  this  report  will  provide  safety 
criteria  data  to  specifically  support  facility  modernization 
provisions  in  the  155mm  M549  HERA  Projectile  LAP  areas  at  the 
Iowa  AAP.  The  aforementioned  safety  criteria  will  also  be 
applicable  to  other  operating  LAP  facilities.  A  test  program  was 
developed  and  implemented  to  simulate  the  Iowa  LAP  facilities 
producing  the  155mm  M549  HERA  Projectile. 

Objecti ve 

The  primary  objective  of  this  project  segment  was  to 
determine,  by  experimental  testing,  the  safe  non-propagation 
separation  distance  between  various  configurations  of  155mm  M549 
HERA  Projectiles  during  transport  between  LAP  operations  on 
continuous  feed  conveyor  systems.  The  data  derived  from  this 
project  segment  will  be  utilized  to  establish  criteria  for  unit 
spacing  on  conveyors,  conveyor  speeds,  and  production  rates  for 
the  manufacture  of  155mm  M549  HERA  Projectiles. 

The  test  program  consisted  of  two  portions,  each  utilizing 
an  exploratory  phase  and  an  ensuing  confirmatory  phase  to 
establish  statistical  confidence  in  the  resultant  safe  separation 
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distances.  The  first  portion  utilized  single  155mm  M549  HERA 
Projectiles  in  a  line,  raised  above  terrain  level  to  simulate  the 
conveyor  system's  stand-off  distance.  The  second  portion 
utilized  pallets  containing  eight  155mm  M549  HERA  Projectiles 
arranged  in  a  2  by  4  matrix,  again  in  a  line  and  railed  above  the 
terrain  level  to  simulate  the  conveyor  system's  stand-off 
distance.  The  second  portion  of  the  test,  designed  with  pallets 
of  eight  projectiles,  utilized  loading  funnels  filled  with 
Composition  B  inserted  into  each  projectile. 

Criteri a 

The  testing  of  both  portions  of  the  155mm  M549  HERA 
Projectile  program  segment  was  conducted  to  simulate  accurately 
the  actual  LAP  plant  conditions.  The  only  acceptable  criteria 
for  determining  the  safe  separation  distance  was  the 
non-propagation  of  the  donor  projectile  (initiated  charge) 
detonation  to  the  adjacent  acceptor  projectiles.  It  should  be 
noted  that  measured  distances  are  centerline  to  centerline 
between  adjacent  single  projectiles,  and  edge  to  edge  between 
adjacent  pallets  containing  eight  projectiles. 
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TEST  CONFIGURATION 


General 

Testing  of  the  155mrn  M549  HERA  Projectile  to  determine  the 
appropriate  safe  non-propagation  separation  distance  between 
donor  and  acceptor  projectiles  was  completed  in  December  1979. 
The  program  ran  for  a  comparatively  lengthy  period  due  to 
continuous  revisions  and  additions  to  the  initial  test  plan; 
specifically,  free  air  vs.  shielded  projectile  test  and  single 
projectile  vs.  pallets  of  8-projectile  tests.  All  testing  was 
conducted  at  the  National  Space  Technology  Laboratories  (NSTL) 
Station,  Mississippi,  under  the  auspices  of  the  ARRADCOM  Resident 
Operations  Office  in  conjunction  with  the  Hazards  Support  Unit  of 
the  Computer  Science  Corporation. 

As  mentioned,  the  test  program  consisted  of  two  distinct 
portions,  further  subdivided  each  into  two  test  sections,  with  an 
exploratory  test  phase  and  a  confirmatory  test  phase  being 
performed  within  each  section.  The  first  program  portion 
consisted  of  testing  single  155mm  M549  HERA  Projectiles.  Within 
this,  single  projectile  program  portion,  the  testing  was 
subdivided  into  the  two  mentioned  sections:  (1)  free  air  tests 
and  (2)  tests  with  barriers  or  shields  between  the  projectiles. 
In  both  cases,  exploratory  and  confirmatory  test  phases  were 
conducted  to  firmly  establish  the  minimum  safe  non-propagati ve 
separation  distance  between  single  projectiles.  The  second 
program  portion  consisted  of  testing  pallets,  each  containing 
eight  155mm  M549  HERA  Projectiles  arranged  in  a  2  by  4  matrix. 
Similarly,  the  testing  was  subdivided  into  free  air  tests  and 
tests  with  barriers  or  shields  between  the  pallets  of 
projectiles.  As  in  the  first  program  portion,  both  exploratory 
and  confirmatory  test  phases  were  conducted  for  each  section  to 
firmly  establish  the  minimum  safe  non-propagation  separation 
distance  between  pallets  of  projectiles. 

Test  Specimen 

The  test  specimen  utilized  for  this  study  program  was  the 
unfuzed  155mm  M549  HERA  Projectile  with  the  lifting  plug,  spacer, 
supplementary  charge,  and  liner  removed  from  the  nose  cavity  of 
the  projectile  (fig.  1).  The  projectile  consists  of  two  major 
component  parts:  (1)  a  warhead  assembly  loaded  with  7.26  kg 
(16.0  lb)  of  Composition  B  high  explosive  and  (2)  a  solid 
propellant  rocket  motor  assembly.  The  two  component  assemblies 
are  joined  together  by  a  threaded  interface  to  externally  form  a 
continuous  low  drag  aerodynamic  contour.  A  rotating  band 
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encircles  the  assembled  projectile  near  the  base  end 
approximately  at  the  center  of  the  rocket  motor  assembly.  A 

rocket-off  cap  is  threaded  into  the  base  of  the  motor  assembly 
and  is  either  left  in-place  during  projectile  firing  as  a 
conventional  projectile  (rocket  motor  not  utilized)  or  is 
removed  when  a  rocket-boosted  assist  is  required  for  extended 
range.  The  rocket  motor  assembly  contains  a  total  of  3.18  kg 
(7.0  lb)  of  solid  rocket  propellant  arranged  in  two  segmented 
grains  (three  segments  per  grain).  Each  of  the  three  segments  of 
the  forward  grain  contains  an  ignition  pellet.  The  nozzle  of  the 
rocket  motor  is  recessed  into  the  center  of  the  boat-tail  base  of 
the  projectile  and,  when  emerged,  provides  thrust  along  the 
longitudinal  axis  of  the  projectile. 

The  155mm  M549  HERA  Projectile  is  85.80  cm  (33.78  in)  in 
maximum  length  (without  lifting  plug  or  fuze)  and  has  a  maximum 
diameter  at  the  rotating  band  of  15.80  cm  (6.22  in).  The  average 
total  projectile  weight  is  43.55  kg  (96.0  lb).  Arranged  pallets 
?f.  e,J 9ht  projectiles  weigh  376.5  kg  (830  lb),  measure  33.72  cm 
(13.63  in)  by  68.91  cm  (27.13  in)  by  98.43  cm  (38.75  in)  high, 
and  have  a  cubic  displacement  of  0.27  m-^  (9.5  ft^). 

The  projectiles  were  all  oriented  vertically  (nose  up)  at 
detonation,  tested  one  at  a  time,  and  set  in  pallets  of  eight 
(arranged  in  2  by  4  matrices).  The  tests  involving  the 
palletized  projectiles  utilized  loading  funnels,  placed  into  the 
top  (nose  end)  of  each  projectile,  for  pour  casting  the  high 
explosive  into  the  projectile  cavity.  Both  the  cavity  and  funnel 
were  fully  loaded  for  the  test  detonation  (fig.  2). 

Test  Arrangement 

Each  test  layout,  during  both  the  single  projectile  tests 
and  the  pallet  of  8-projectile  tests,  utilized  one  donor  specimen 
and  two  acceptor  specimens  raised  off  the  ground  to  simulate  the 
conveyor's  height  above  the  inter-building  tunnel  floor.  The 
center  specimen  served  as  the  donor  and  the  two  specimens  at  the 
extremities  served  as  the  acceptors,  thus  producing  two  acceptor 
test  data  results  for  each  test  donor  detonated.  The  test 
separation  distance  between  the  donor  and  the  acceptor  units  was 
varied  from  test  to  test  and  also  within  the  single  test  firings 
during  the  various  exploratory  test  phases  of  this  program. 
However,  the  donor-to-acceptor  separation  distances  were  always 
held  constant  during  the  confirmatory  test  phases. 
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Single  Projectile,  Test  Arrangements 

The  first  portion  of  this  safe  separation  distance  study 
program  was  confined  to  the  testing  of  single,  unfuzed  155mm  M549 
HERA  Projectiles  positioned  and  aligned  to  simulate  their  actual 
LAP  facility  conditions  during  transfer  from  one  loading 
operation  to  the  next,  either  between  loading  station  bays  or 
within  inter-building  tunnels. 

The  first  section  of  this  program  portion  was  an  unshielded 
test  array  of  155mm  M549  HERA  Projectiles  (fig.  3)  with  three 
projectiles  arranged  in  a  vertical  (nose-up)  linear  position  on  a 
2.54-  by  15.24-cm  (1.0-  by  6.0-in)  pine  board.  The  test 

projectiles  were  supported  by  low  density  concrete  blocks  (two 
under  each  donor  and  acceptor  projectile)  approximately  76.2  cm 
(30.0  in)  above  the  existing  terrain  to  fully  simulate  the  LAP 
facility  conveyor  system.  During  the  exploratory  phase  of  this 
program  section,  the  separation  distances,  measured  centerline  to 
centerline  between  the  projectile  bodies,  ranged  from  0.76  to 

5.33  m  (2.5  to  17.5  ft)  over  a  series  of  14  test  detonations. 
The  unshielded  single  projectile  confirmatory  test  phase 
consisted  of  a  series  of  25  tests  utilizing  the  same  test  array 
as  in  the  exploratory  investigations.  Conversely,  the  centerline 
separation  distances  were  held  constant  to  amass  the  necessary 
statistical  data  in  this  array. 

As  in  the  initial  portion,  the  second  section  of  this 

program  portion  employed  a  shielded  test  array  of  155mm  M549  HERA 
Projectiles  (fig.  4)  with  three  projectiles  arranged  in  a 

vertical  (nose-up)  position  on  a  2.54-  by  15.24-cm  (1.0-  by 
6.0-in)  pine  board  in  a  straight  line.  The  test  projectiles  were 
again  supported  by  low  density  concrete  blocks  (two  under  each 
donor  and  acceptor  projectile)  approximately  76.2  cm  (30.0  in) 

above  the  existing  terrain  to  fully  simulate  the  LAP  facility 

conveyor  system.  In  this  section,  shielding  rods  were  positioned 
vertically  at  the  halfway  distance  between  the  donor  and  the 
acceptor.  The  shielding  rods  were  solid  aluminum  bars  (6061-T6), 
7.6  cm  (3.0  in)  in  diameter,  and  76.2  cm  (30.0  in)  in  height. 
They  were  welded  to  aluminum  base  plates  44.1  cm  (18.0  in)  wide 

by  1.3  cm  (0.5  in)  thick  and  of  sufficient  length  to  be  placed 

under  both  donor  and  acceptor  projectiles.  During  the 
exploratory  phase  of  this  program  section,  the  separation 

distances,  measured  edge  to  edge  on  the  projectile  bodies,  ranged 
from  6.10  to  8.9  cm  (2.4  to  3.0  in)  over  a  series  of  three  test 
detonations.  The  shielded  single  projectile  confirmatory  test 
phase  consisted  of  a  series  of  25  tests  utilizing  the  same  test 
array  as  that  in  the  exploratory  investigations.  The  centerline 
separation  distances  were  again  held  constant  to  compile  the 
necessary  statistical  data. 
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Palletized  Projectile,  Test  Arrangements 

The  second  and  final  portion  of  this  safe  separation 
distance  study  program  was  the  testing  of  palletized  155mm  M549 
HERA  Projectiles  positioned  and  aligned  to  simulate  their  actual 
LAP  facility  conditions  during  transfer  from  the  cast  loading 
operation  to  the  funnel  pull  operation  via  a  conveyor  system. 
Each  pallet  contained  eight  projectiles  arranged  in  a  2  by  4 
matrix  with  the  narrow  ends  of  the  pallet  facing  each  other. 
Every  projectile  utilized  in  this  test  portion  had  its  nose  plug 
and  supplemental  charge  substituted  with  a  loading  funnel,  and  a 
cast  full  of  explosive  inserted  into  the  nose  of  the  projectile. 

Preliminary  testing  during  this  program  portion  was 
accomplished  with  an  unshielded  test  array  of  155mm  M549  HERA 
Projectiles,  eight  to  a  pallet,  utilizing  one  donor  pallet  and 
two  acceptor  pallets  per  test  firing  (fig.  5).  The  pallets  were 
supported  at  a  height  of  approximately  38.1  cm  (15.0  in)  above 

the  existing  terrain  on  low  density  concrete  blocks  to  again 
simulate  the  LAP  production  specifications.  During  the 
unshielded  phase  of  this  test  program,  the  separation  distances, 
measured  from  pallet  edge  to  pallet  edge,  ranged  from  0.8  to  9.3 
m  (2.5  to  30.0  ft)  over  a  series  of  four  exploratory  test 
detonations.  There  were  no  confirmatory  tests  conducted  on  the 
unshielded  pallet  test  array. 

The  second  section  of  this  program  portion  was  a  shielded 
pallet  test  array  with  eight  155mm  M549  HERA  Projectiles  to  a 
pallet  and  three  pallets  arranged  in  the  one-donor-two-acceptor 
test  configuration.  However,  for  this  test  section,  7.6-cm 
(3.0-in)  diameter  and  94.0-cm  (37.0-in)  long,  solid  aluminum 
(6061-T6)  bars  were  utilized  for  shielding  in  the  majority  of  the 
tests.  One  test  employed  an  aluminum  plate  94.0  cm  (37.0  in) 

high  by  30.0  cm  (12.0  in)  wide  by  5.1  cm  (2.0  in)  thick  as  a 

shield.  The  shielding,  in  all  cases,  was  welded  to  aluminum  base 
plates  44.1  cm  (18.0  in)  in  width  by  1.3  cm  (0.5  in)  thick  and  of 

sufficient  length  to  be  placed  fully  under  the  nearest  pallet  of 

eight  projectiles.  During  the  shielded  phase  of  the  test 

program,  three  shield  configurations  were  observed.  First,  an 

aluminum  bar  was  aligned  with  each  row  of  projectiles  on  the 
pallet.  Shielding  rods  were  placed  by  both  the  donor  and 

acceptor  pallets  as  shown  in  figure  6.  The  second  shielding 

configuration  utilized  four  bars  in  a  single  solid  row  located 
halfway  between  the  donor  and  acceptor  pallets  as  shown  in  figure 
7.  The  third  shield  was  a  single  aluminum  plate  located  between 
the  donor  and  acceptor  pallets.  During  the  shielded  phase  of 
this  test  program,  the  separation  distances,  measured  from  pallet 
edge  to  pallet  edge,  ranged  from  0.3  to  3.1  m  (1.0  to  10.0  ft) 
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over  a  series  of  15  exploratory  test  detonations.  The  shielded, 
palletized  projectile  confirmatory  test  phase  consisted  of  a 
series  of  33  test  detonations  utilizing  a  shield  consisting  of 
aluminum  bars  aligned  with  each  row  of  palletized  projectiles 
(fig.  6).  The  edge-to-edge  separation  distances  were  held 
constant  to  gather  the  necessary  statistical  data. 

Method  of  Initiation 

The  donor  projectile  (initiated  sample)  was  primed  with 
approximately  0.12  kg  (4  oz)  of  Composition  C-4  explosive  in  the 
fuze  well  cavity  and  electrically  initiated  by  an  engineer's 
special  J-2  blasting  cap.  This  method  of  donor  initiation 
insured  that  the  projectile  always  detonated  high  order.  In  both 
the  single  projectile  and  pallet  tests,  only  one  projectile  was 
armed  and  initiated.  The  close  proximity  of  the  eight 
projectiles  on  one  pallet  allowed  for  sympathetic  high  order 
detonation  of  the  whole  pallet. 
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TEST  RESULTS 


General 

As  previously  stated,  the  determination  of  safe  separation 
distances  during  propagation  tests  of  the  155mm  M549  HERA 
Projectile  consisted  of  two  distinct  and  separate  portions,  which 
were  subdivided  into  two  test  sections.  Each  test  section 
contained  an  exploratory  phase  and,  when  necessary,  a 
confirmatory  test  phase.  The  results  of  these  various  tests  are 
discussed  below. 

Single  Projectile,  Test  Results 

Unshielded  Projectile  Tests 

A  total  of  14  unshielded  projectile  exploratory  tests 
and  26  confirmatory  tests  were  conducted  at  the  National  Space 
Technology  Laboratories  (NSTL)  Station,  Mississippi.  The  results 
of  these  tests  are  shown  in  table  I.  The  separation  distances 
used  in  the  exploratory  tests  (nos.  1  through  14  inclusive  in 
table  I)  ranged  from  0.76  to  5.33  m  (2.5  to  17.5  ft)  with  high 
order  propagations  occurring  up  to  0.76  m  (2.5  ft).  Based  on 
post-test  examinations  of  the  damaged  acceptor  projectiles,  a 
1.5-m  (5.0-ft )  spacing  was  selected  as  the  minimum 

non-propagation  safe  separation  distance  for  confirmatory  tests. 
This  distance  was  confirmed  by  conducting  26  test  detonations 
(nos.  15  through  40  inclusive  in  table  I).  Figures  8,  9  and  10 
are  views  of  the  unshielded  test  results.  Note  the  unburned  cast 
composition  within  the  projectile  bodies  in  figures  8  and  9,  and 
the  fragment  impacts  and  body  crack  in  figure  10.  Specifically, 
figure  10  is  a  blow-up  photograph  of  the  upper  projectile  body  in 
the  left  portion  of  figure  9. 

Shielded  Projectile  Tests 

A  total  of  four  shielded  projectile  exploratory  tests 
and  25  confirmatory  tests  were  conducted.  The  results  of  these 
tests  are  shown  in  table  II.  The  separation  distances  used  in 
the  exploratory  tests  (nos.  1  through  4  inclusive  in  table  II) 
ranged  from  8.9  to  61.0  cm  (3.5  to  24.0  in)  without  high  order 
propagations.  Since  8.0  cm  (3.5  in)  was  the  closest  spacing  that 
could  be  achieved  utilizing  the  7.6-cm  (3.0-in)  shielding  bar,  it 
was  selected  for  use  in  the  confirmatory  tests.  This  distance 
was  confirmed  by  conducting  25  test  detonations  (nos.  5  through 
29  inclusive  in  table  II).  Figure  11  is  a  view  of  test  results 
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depicting  segments  of  broken  shielding  bars  in  the  riqht 
foreground. 

Palletized  Projectile,  Test  Results 

Four  exploratory  tests  on  unshielded  pallets,  containing 
eight  155mm  M549  HERA  Projectiles  with  cast  loading  funnels,  were 
conducted.  The  results  of  these  tests  are  shown  in  table’  III, 
nos.  1  through  4  inclusive.  The  separation  distances  used  during 
these  tests  varied  from  0.8  to  9.1  m  (2.5  to  30.0  ft)  with  high 
order  detonations  occurring  below  0.5  m  (5.0  ft).  Due  to  heavy 
acceptor  damages  encountered  at  3.1  m  (10.0  ft)  and  less,  the 
unshielded  testing  was  discontinued  and  no  confirmatory  test 
phase  was  conducted.  Figure  12  is  a  post  procedural  view  of 
these  tests.  Note  the  fragment  impacts  and  penetrations  on  the 
projectiles. 

A  total  of  11  shielded  exploratory  pallet  tests  (nos.  5 
through  15  inclusive  in  table  III)  were  conducted.  There  were 
three  types  of  shielding  utilized;  specifically,  (1)  two  rows  of 
two  rods,  (2)  one  row  of  four  rods  [all  rods  (aluminum)  were  7.6 
cm  (3.0  in)  in  diameter],  and  (3)  an  aluminum  plate.  The 

separation  distances  during  the  shielded  exploratory  tests  varied 
from  0.3  to  3.1  m  (1.0  to  10.0  ft)  with  high  order  detonations 
occurring  at  distances  of  2.2  m  (7.0  ft)  and  less.  A  total  of  33 
confirmatory  tests  were  conducted  (nos.  16  through  48  inclusive 
in  table  III)  utilizing  the  double  row  of  two  bars  as  a  shield 
and  the  3.1-m  (10.0-ft)  separation  distance.  Figure  13  is  a  post 
procedural  view  of  this  phase.  Note  the  lack  of  damage  to  the 
projectile,  while  the  shielding  bar  in  the  background  has  many 
fragment  impacts. 

Summary  of  Test  Results 

Single  Projectile  Tests 

Tlie  single  projectile  safe  separation  distance  for 

155mm  M549  Projectiles  was  established  as  1.5  m  (5.0  ft)  measured 
centerline  to  centerline.  After  discussion  with  appropriate  LAP 
personnel,  it  was  determined  that  this  distance  was  not 
compatible  with  existing  equipment  and  would  severely  disrupt 
necessary  production  rates.  To  compensate  for  this  disparity,  an 
attempt  was  undertaken  to  reduce  this  distance  using  shields. 
Specifically,  a  second  series  of  safe  spacing  tests  were 

conducted  utilizing  7.6-cm  (3.0-in)  diameter  aluminum  (6061-T6) 
bars  as  shields,  positioned  vertically  in  a  straight  line  halfway 
between  the  donor  and  acceptor  projectiles.  The  confirmatory 
test  results  with  this  form  of  shielding  clearly  indicated  that 
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no  propagation  of  detonations  occurred  at  a  spacing  of  8,9  cm 
(3.5  in)  measured  edge  to  edge.  This  was  the  minimum  spacing 
necessary  utilizing  a  7.6-cm  (3.0-in)  diameter  shield. 

Palletized  Projectile  Tests 

A  minimum  series  of  unshielded  exploratory  tests 
revealed  that  pallets  of  eight  projectiles  (still  in  2  by  4 
matrices)  required  safe  separation  distances  in  excess  of 
facility  spacing  limitations.  Analysis  of  acceptor  projectile 
fragment  damage  indicated  the  potential  of  donor  detonation 
propagation  at  distances  of  9.1  m  (30.0  ft).  Subsequently,  this 
series  was  discontinued  in  favor  of  shielded  pallet  tests.  The 
shielded  pallet  tests  utilized  identical  aluminum  bars  as  those 
used  in  the  single  projectile  tests.  The  bars  were  arranged  in 
various  configurations  (two  rows  of  two  bars  and  one  row  of  four 
bars)  in  conjunction  with  a  single  aluminum  plate  5.1  cm  (2.0  in) 
thick.  The  confirmation  tests  were  conducted  with  two  aluminum 
(6061-T6)  bars  7.6  cm  (3.0  in)  in  diameter  serving  as  shields, 
aligned  with  the  projectile  centerline  on  the  ends  of  each 
pallet.  This  shielding  system  yielded  a  safe  separation  distance 
of  3.1  m  (10.0  ft). 

Analysis  of  Test  Results 

Variations  in  manufacturing  tolerances,  materials,  wear, 
etc.,  require  that  statistical  methodology  be  employed  in  the 
interpretation  of  the  confirmatory  test  data.  The  actual 

probability  of  a  continuous  propagation  caused  by  an  unexpected 
explosive  incident  in  a  LAP  facility  ammunition  production  line 
is  a  function  of  the  number  of  propagation  occurrences  in  a 
particular  test  phase  vs.  the  total  number  of  test  detonations 
conducted  (see  Appendix  for  Statistical  Theory). 

In  the  unshielded  single  projectile  confirmatory  test  phase 
of  this  study,  there  was  a  total  of  53  observations  recorded  at 
the  1.5-m  (5.0-ft)  safe  separation  distance.  Statistically,  an 
upper  limit  of  6.72  percent  probability  of  propagation  of  an 
explosive  incident  at  the  95  percent  confidence  level  was 
established.  The  shielded  single  projectile  confirmatory  test 
phase  had  a  total  of  52  observations  recorded  at  the  8.9-cm 
(3.5-in)  safe  separation  distance,  using  a  7.6-cm  (3.0-in) 
diameter  aluminum  (6061-T6)  bar  as  a  shield  between  projectiles. 
This  yielded  an  upper  limit  of  6.85  percent  probability  of 
propagation  during  an  explosive  incident  at  the  95  percent 
confidence  level . 
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The  palletized  projectile  (8  projectiles  per  pallet) 
confirmatory  test  phase  of  this  study  utilized  a  shielding 
arrangement  consisting  of  two  aluminum  bars  (same  as  in  single 
projectile  tests)  on  each  end  of  the  pallets  and  aligned  with  the 
projectile  s  centerline.  A  total  of  66  observations  were 
recorded  during  this  test  phase,  resulting  in  an  upper  limit  of 
4.8  percent  probability  of  propagation  in  the  event  of  an 
explosive  incident  at  the  95  percent  confidence  level. 

Similarly,  in  a  large  number  of  tests,  the  probability  of  an 
unexpected  incident  propagating  to  a  catatrosphic  event  will  be 
less  than,  or  equal  to,  the  stated  values  above  95  out  of  100. 
These  values  reflect  the  quality  of  the  test  results  and  the 
reliance  that  can  be  placed  on  the  conclusions  drawn  from  the 
data. 
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CONCLUSIONS 


It  may  be  concluded  from  the  test  results  of  the  single 
projectile  phase  that  the  unshielded  safe  separation  distance 
between  155mm  M549  Projectiles  is  1.5  m  (5.0  ft).  At  this 
distance,  the  probability  of  the  propagation  of  an  explosive 
incident  is  6.72  percent  at  the  95  percent  confidence  level.  If 
a  shield,  consisting  of  a  single  7.6-cm  (3.0-in)  diameter 
aluminum  (6061-T6)  rod,  is  positioned  vertically  in  a  straight 
line  halfway  between  the  projectiles  on  a  conveyor  system  in 
existing  loading  plants,  the  safe  separation  distance  will  be  8.9 
cm  (3.5  in).  The  probability  of  the  propagation  of  an  explosive 
incident  under  these  conditions  is  6.85  percent  at  the  95  percent 
confidence  level . 

Also,  it  may  be  concluded  from  the  palletized  projectile 
tests  that  the  safe  separation  distance  between  pallets  of  eight 
155mm  M549  Projectiles,  arrayed  in  a  2  by  4  matrix,  utilizing  a 
shielding  arrangement  consisting  of  two  7.6-cm  (3.0-in)  diameter 
aluminum  (6061-T6)  bars  on  each  end  of  the  pallets,  and  aligned 
with  the  projectile's  centerline,  is  3.1  m  (10.0  ft).  At  this 
distance,  the  probability  of  the  propagation  of  an  explosive 
incident  is  4.8  percent  at  the  95  percent  confidence  level. 
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NOTES 


NDP 

No  Detonation  Propagation 

LOD 

Propagation  to  Low  Order  Detonation 

HOD 

Propagation  to  High  Order  Detonation 

Light  damage 

Minor  shell  body  cracks  from  fragment  impacts,  no 
full  penetrations. 

Heavy  damage 

More  than  50  percent  broken  and  cracke  projectiles 
with  some  or  all  of  the  exposed  explosives  and 
rocket  motors  burned  out. 
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Table  1.  Single  round  tests  (w/o  shielding) 


Test  Separation 


No. 

m 

LftJ 

Remarks 

1 

3.05 

( 1 0 )  L 

NDP , 

projectile  fragmented 

4.57 

( 1 5 )  R 

NDP , 

few  penetrations 

2 

2.44 

(  8)L 

NDP, 

projectile  fragmented 

3.05 

( 10 )  R 

NDP, 

projectile  fragmented,  rocket 
motor  ignited  and  propelled 
fragment  139  m  (456  ft) 

3 

3.81 

(12. 5)L 

NDP, 

many  penetrations 

4.57 

( 15 )  R 

NDP, 

projectile  fragmented 

4 

1.52 

(  5)L 

NDP, 

projectile  fragmented 

6.10 

(20  )R 

NDP, 

minor  hits,  no  penetrations 

5 

0.76 

(  2.5)L 

NDP, 

partial  burning  of  both  HE  and 
rocket  fuel,  projectile 
fragmented 

5.33 

( 1 7 . 5 )  R 

NDP, 

major  hits,  no  penetrations 

6 

0.31 

(  1  )L 

HOD 

4.57 

( 1 5 )  R 

NDP, 

one  penetration 

7 

4.57 

( 15 )  L 

NDP, 

minor  penetrations  and  projectile 
fragmented 

4.57 

(15  )R 

NDP, 

no  penetrations 

8 

4.57 

( 1 5 )  L 

NDP, 

no  penetrations 

4.57 

( 1 5 )  R 

NDP, 

one  penetration 

9 

4.57 

( 1 5 )  L 

NDP, 

no  penetrations 

4.57 

( 1 5 )  R 

NDP, 

one  penetration 

10 

4.57 

( 1 5 )  L 

NDP, 

no  penetrations 

4.57 

(15  )R 

NDP, 

one  penetration 

11 

4.57 

( 15 )  L 

NDP, 

three  penetrations 

4.57 

( 1 5 )  R 

NDP, 

projectile  fragmented,  rocket 
motor  ignited  and  propelled 
fragment  27.5  m  (90  ft) 

15 


Test 

No. 

Table  1.  Single 

Separation 
m  (ft) 

round  tests  (w/o  shielding) 

(cont1 d) 

Remarks 

12 

0.76 

(  2.5)L 

NDP , 

two  penetrations,  rocket  motor 
ignited  and  propelled  fragment 
3.66  m  (36  ft) 

0.76 

(  2 . 5 )  R 

NDP, 

three  penetrations,  rocket  motor 
ignited  and  propelled  fragments 
2.44  m  (8  ft) 

13 

0.76 

(  2 . 5 )  L 

NDP, 

two  penetrations,  projectile  body 
cracked 

0.76 

(  2 . 5 )  R 

NDP, 

three  penetrations,  rocket  motor 
partially  burned 

14 

0.76 

0.76 

(  2 . 5 )  L 
(  2 . 5 )  R 

HOD 

HOD 

15 

1.52 

(  5)L 

NDP, 

projectile  fragmented,  one 
penetration 

1.52 

(  5)R 

NDP, 

five  penetrations,  rocket  motor 
ignited  and  propelled  fragments 
13.7  m  (45  ft) 

16 

1.52 

(  5)L 

NDP, 

two  penetrations,  no  burning 

1.52 

(  5)R 

NDP, 

four  penetrations,  rocket  burned 

17 

1.52 

(  5)L 

NDP, 

three  penetrations,  no  burning 

1.52 

(  5)R 

NDP, 

two  penetrations,  rocket  motor 
burned 

18 

1.52 

(  5)L 

NDP, 

four  penetrations,  rocket  motor 
ignited  and  propelled  fragments 
31.7  m  (104  ft) 

1.52 

(  5)R 

NDP, 

four  penetrations,  rocket  motor 
burned 

19 

1.52 

(  5)L 

NDP, 

one  penetration,  rocket  motor 
burned 

1.52 

(  5)R 

NDP, 

two  penetrations,  rocket  motor 

ignited  and  propelled  fragments 
18.3  m  (60  ft) 
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Table  1.  Single  round  tests  (w/o  shielding) 
(cont1 d) 


Test  Separation 

No.  m  (ft)  _ Remarks 


20 

1.52 

(  5)L 

NDP , 

five  penetrations,  rocket  motor 
burned 

1.52 

(  5)R 

NDP , 

three  penetrations,  rocket  motor 
burned 

21 

1.52 

(  5)L 

NDP, 

three  penetrations,  rocket  motor 
ignited  and  propelled  fragments 
67.7  m  (222  ft) 

1.52 

(  5)R 

NDP, 

one  penetration,  rocket  motor 
ignited  and  propelled  fragments 
35.7  m  (117  ft) 

22 

1.52 

(  5)L 

NDP, 

one  penetration,  no  burning 

1.52 

(  5)R 

NDP, 

one  penetration,  no  burning 

23 

1.52 

(  5)L 

NDP, 

three  penetrations,  no  burning 

1.52 

(  5)R 

NDP, 

two  penetrations,  rocket  motor 
burned 

24 

1.52 

(  5)L 

NDP, 

two  penetrations,  rocket  motor 
burned 

1.52 

(  5)R 

NDP, 

six  penetrations,  rocket  motor 
burned 

25 

1.52 

(  5)L 

NDP, 

one  penetration,  no  burning 

1.52 

(  5)R 

NDP, 

three  penetrations,  rocket  motor 
ignited  and  propelled  fragments 
22.9  m  (75  ft) 

26 

1.52 

(  5)L 

NDP, 

no  penetrations,  rocket  motor 
burned 

1.52 

(  5)R 

» 

NDP, 

one  penetration,  rocket  motor 
burned 

27 

1.52 

(  5)L 

NDP, 

three  penetrations,  rocket  motor 
burned 

1.52 

(  5)R 

NDP, 

no  penetrations,  no  burning 
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Table  1.  Single  round  tests  (w/o  shielding) 
(cont1 d) 


Test  Separation 

No.  m _ (ft)  • _ Remarks 


28 

1.52 

(  5)L 

NDP 

1.52 

(  5)R 

NDP 

29 

1.52 

(  5)L 

NDP 

1.52 

(  5)R 

NDP 

30 

1.52 

(  5)L 

NDP 

1.52 

(  5)R 

NDP 

31 

1.52 

(  5)L 

NDP 

1.52 

(  5)R 

NDP 

32 

1.52 

(  5)L 

NDP 

1.52 

(  5)R 

NDP 

33 

1.52 

(  5)L 

NDP 

1.52 

(  5)R 

NDP 

34 

1.52 

(  5)L 

NDP 

1.52 

(  5)R 

NDP 

35 

1.52 

(  5)L 

NDP , 

1.52 

(  5)R 

NDP , 

two  penetrations,  rocket  motor 
ignited  and  propelled  fragments 
64  m  (210  ft) 

two  penetrations,  rocket  motor 
burned 

three  penetrations,  no  burning 
one  penetration,  rocket  motor 
ignited  and  propelled  fragments 
47.5  m  (156  ft) 

five  penetrations,  no  burning 
one  penetration,  rocket  motor 
ignited  and  propelled  fragments 
14.9  m  (49  ft) 

one  penetration,  rocket  motor 
ignited  and  propelled  fragments 
12.2  m  (40  ft) 

three  penetrations,  rocket  motor 
ignited  and  propelled  fragments 
19.8  m  (65  ft) 

no  penetrations,  no  burning 
one  penetration,  no  burning 

five  penetrations,  rocket  motor 
ignited  and  propelled  fragments 
366  m  (1,200  ft) 
two  penetrations,  rocket  motor 
burned 

four  penetrations,  rocket  motor 
burned 

four  penetrations,  no  burning 

four  penetrations,  rocket  motor 
burned 

three  penetrations,  rocket  motor 
ignited  and  propelled  fragments 
12.2  m  (40  ft) 
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Table  1.  Single  round  tests  (w/o  shielding) 
(cont'd) 


Test  Separation 


No. 

m 

-  (ft) 

Remarks 

36 

1.52 

1.52 

(  5)L 
(  5)R 

NDP,  two  penetrations,  no  burning 

NDP,  four  penetrations,  rocket  motor 
ignited  and  propelled  fragments 
46.3  m  (152  ft) 

37 

1.52 

1.52 

(  5)L 

(  5)R 

NDP,  three  penetrations,  rocket  motor 
burned 

NDP,  no  penetrations,  no  burning 

38 

1.52 

1.52 

(  5)L 
(  5)R 

NDP,  one  penetration,  no  burning 

NDP,  no  penetrations  or  burning 

39 

1.52 

1.52 

(  5)L 
(  5)R 

NDP,  two  penetrations,  no  burning 

NDP,  four  penetrations,  no  burning 

40 

1.52 

(  5)L 

NDP,  one  penetration,  rocket  motor 

burned 

1.52  (  5)R  NDP,  no  penetrations  or  burning 


«• 
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Table  2.  Single  round  tests  (w/shielding) 


Shielding  consisted  of  an  aluminum  bar,  7.6  cm  (3.0  in)  in 
diameter  and  the  full  height  of  the  loaded  projectiles,  located 
at  exactly  half  the  separation  distance  and  in  line  with  the 
projectiles. 


Test 

Separati on 

No. 

cm 

_ ilnl 

Remarks 

1L 

30.5 

(12.0) 

NDP , 

no  damage 

R 

61.0 

(24.0) 

NDP , 

projectile  fragmented 

2L 

15.2 

(  6.0) 

NDP, 

projectile  fragmented 

R 

30.2 

(12.0) 

NDP, 

projectile  -  motor  separated 

3L 

8.9 

(  3.5) 

NDP, 

projectile  fragmented 

R 

8.9 

(  3 .  b ) 

NDP, 

projectile  fragmented 

4L 

10.2 

(  4.0) 

NDP, 

projectile  -  motor  separated 

R 

10.2 

(  4.0) 

NDP, 

projectile  fragmented 

5L 

8.9 

(  3.5) 

NDP 

R 

8.9 

(  3.5) 

NDP 

6L 

8.9 

(  3.5) 

NDP 

R 

8.9 

(  3.5) 

NDP 

7L 

8.9 

(  3.5) 

NDP 

R 

8.9 

(  3.5) 

NDP 

8L 

8.9 

(  3.5) 

NDP 

R 

8.9 

(  3.5) 

NDP 

9L 

8.9 

(  3.5) 

NDP 

R 

8.9 

(  3.5) 

NDP 

10L 

8.9 

(  3.5) 

NDP 

R 

8.9 

(  3.5) 

NDP 

f 

1 1 L 

8.9 

(  3.5) 

NDP 

R 

8.9 

(  3.5) 

NDP 

12L 

8.9 

(  3.5) 

NDP 

R 

8.9 

(  3.5) 

NDP 
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Table  2.  Single  round  tests  (w/shielding) 
(cont'd) 


Test  Separation 
No.  cm  _ (in) 


13L 

8.9 

( 

3.5) 

NDP 

R 

8.9 

( 

3.5) 

NDP 

14L 

8.9 

( 

3.5) 

NDP 

R 

8.9 

( 

3.5) 

NDP 

15L 

8.9 

( 

3.5) 

NDP 

R 

8.9 

( 

3.5) 

NDP 

16L 

8.9 

( 

3.5) 

NDP 

R 

8.9 

( 

3.5) 

NDP 

17L 

8.9 

( 

3.5) 

NDP 

R 

8.9 

( 

3.5) 

NDP 

18L 

8.9 

( 

3.5) 

NDP 

R 

8.9 

( 

3.5) 

NDP 

19L 

8.9 

( 

3.5) 

NDP 

R 

8.9 

( 

3.5) 

NDP 

20L 

8.9 

( 

3.5) 

NDP 

R 

8.9 

( 

3.5) 

NDP 

21L 

8.9 

( 

3.5) 

NDP 

R 

8.9 

( 

3.5) 

NDP 

22L 

8.9 

( 

3.5) 

NDP 

R 

8.9 

( 

3.5) 

NDP 

23L 

8.9 

( 

3.5) 

NDP 

R 

8.9 

( 

3.5) 

NDP 

24L 

8.9 

( 

3.5) 

NDP 

R 

8.9 

( 

3.5) 

NDP 

25L 

8.9 

( 

3.5) 

NDP 

R 

8.9 

( 

3.5) 

NDP 

26L 

8.9 

( 

3.5) 

NDP 

R 

8.9 

( 

3.5) 

NDP 

Remarks 
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Table  2.  Single  round  tests  (w/shieldinq) 
(cont1 d) 


Test  Separation 


No. 

cm 

(in) 

27L 

8.9 

(  3.5) 

NDP 

R 

8.9 

(  3.5) 

NDP 

28L 

8.9 

(  3.5) 

NDP 

R 

8.9 

(  3.5) 

NDP 

29L 

8.9 

(  3.5) 

NDP 

R 

8.9 

(  3.5) 

NDP 

Remarks 
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Table  3.  Pallet  tests  (8  projectiles  per  pallet) 


Test  Separation 


No. 

m 

(ft) 

1L 

6.2 

(20.3) 

R 

9.2 

(30.2) 

2L 

1.5 

(  5.0) 

R 

3.1 

(10.2) 

3L 

0.8 

(  2.5) 

R 

1.5 

(  5.0) 

4L 

2.2 

(  7.0) 

R 

2.2 

(  7.0) 

5L 

0.8 

(  2.5) 

R 

1.5 

(  5.0) 

6L 

0.8 

(  2.5) 

R 

0. 3 

(  i.o) 

7L 

0.9 

(  3.0) 

R 

0.9 

(  3.0) 

8L 

0.9 

(  3.0) 

R 

0.9 

(  3.0) 

9L 

0.9 

(  3.0) 

R 

0.9 

(  3.0) 

10L 

0.9 

(  3.0) 

R 

0.9 

(  3.0) 

11L 

0.9 

(  3.0) 

R 

0.9 

(  3.0) 

12L 

0.9 

(  3.0) 

R 

0.9 

(  3.0) 

13L 

0.9 

(  3.0) 

R 

0.9 

(  3.0) 

14L 

0.9 

(  3.0) 

R 

0.9 

(  3.0) 

Shielding 

No 

No 

No 

No 

No 

No 

No 

No 


Same  as  #5 


Same  as  #5 
Same  as  #5 
Same  as  #5 
Same  as  #5 
Same  as  #5 
Same  as  #5 
Same  as  #5 


NDP 

NDP 

NDP 

NDP, 

HOD 

HOD 

NDP, 

NDP, 

NDP, 

NDP, 

NDP, 

HOD 

NDP, 

NDP, 

NDP, 

NDP, 

NDP, 

NDP, 

NDP, 

NDP, 

NDP, 

NDP, 

NDP, 

NDP, 

HOD 

HOD 

HOD 

HOD 


Remarks 


medium  damage 
medium  damage 

heavy  damage 
heavy  damage 


heavy  damage 
heavy  damage 

heavy  damage 
heavy  damage 

heavy  damage 


heavy  damage 
heavy  damage 

heavy  damage 
heavy  damage 

heavy  damage 
heavy  damage 

heavy  damage 
heavy  damage 

heavy  damage 
heavy  damage 

heavy  damage 
heavy  damage 
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tests  (8  projectiles  per  pallet) 
(cont'd) 


Test 

No. 


15L 

R 

16L 

R 

17L 

R 

18L 

R 

19L 

R 

20L 

R 

21L 

R 

22L 

R 

23L 

R 

24L 

R 

25L 

R 

26L 

R 

27L 

R 

28L 

R 


Table  3.  Pallet 

Separation 


m 

(ft) 

0.9 

(  3.0) 

0.9 

(  3.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

3.1 

(10.0) 

Shi  el di ng 


Same  as  #16 
Same  as  #16 
Same  as  #16 
Same  as  #16 
Same  as  #16 
Same  as  #16 
Same  as  #16 
Same  as  #16 

Same  as  #16 

Same  as  #16 
Same  as  #16 
Same  as  #16 


Remarks 


HOD 

HOD 

NDP , 

light 

damage 

NDP , 

l  i  ght 

damage 

NDP, 

l  i  ght 

damage 

NDP, 

light 

damage 

NDP, 

1  i  ght 

damage 

NDP, 

light 

damage 

NDP, 

1  i  ght 

damage 

NDP, 

1  i  ght 

damage 

NDP, 

light 

damage 

NDP, 

light 

damage 

NDP, 

light 

damage 

NDP, 

light 

damage 

NDP, 

light 

damage 

NDP, 

1  i  ght 

damage 

NDP, 

light 

damage 

NDP, 

light 

damage 

NDP, 

1  i  ght 

damage 

NDP, 

light 

damage 

NDP, 

light 

damage 

NDP, 

1  i  ght 

damage 

NDP, 

light 

damage 

NDP, 

1  i  ght 

damage 

NDP, 

light 

damage 

NDP, 

1  i  ght 

damage 

NDP, 

light 

damage 

NDP, 

1  i  ght 

damage 
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Table  3.  Pallet  tests  (8  projectiles  per  pallet) 

(cont'd) 

Test  Separation 


No. 

m 

(ft) 

Shielding 

Remarks 

29L 

3.1 

(10.0) 

Same  as  #16 

NDP , 

light  damage 

R 

3.1 

(10.0) 

NDP , 

light  damage 

30L 

3.1 

(10.0) 

Same  as  #16 

NDP, 

light  damage 

R 

3.1 

(10.0) 

NDP, 

light  damage 

31L 

3.1 

(10.0) 

Same  as  #16 

NDP, 

light  damage 

R 

3.1 

(10.0) 

NDP, 

light  damage 

32L 

3.1 

(10.0) 

Same  as  #16 

NDP, 

light  damage 

R 

3.1 

(10.0) 

NDP, 

1 i ght  damage 

33L 

3.1 

(10.0) 

Same  as  #16 

NDP, 

light  damage 

R 

3.1 

(10.0) 

NDP, 

light  damage 

34L 

3.1 

(10.0) 

Same  as  #16 

NDP, 

light  damage 

R 

3.1 

(10.0) 

NDP, 

light  damage 

35L 

3.1 

(10.0) 

Same  as  #16 

NDP, 

light  damage 

R 

3.1 

(10.0) 

NDP, 

1 i ght  damage 

36L 

3.1 

(10.0) 

Same  as  #16 

NDP, 

light  damage 

R 

3.1 

(10.0) 

NDP, 

light  damage 

37L 

3.1 

(10.0) 

Same  as  #16 

NDP, 

light  damage 

R 

3.1 

(10.0) 

NDP, 

light  damage 

38L 

3.1 

(10.0) 

Same  as  #16 

NDP, 

light  damage 

R 

3.1 

(10.0) 

NDP, 

1 i ght  damage 

39L 

3.1 

(10.0) 

Same  as  #16 

NDP, 

light  damage 

R 

3.1 

(10.0) 

NDP, 

light  damage 

40L 

3.1 

(10.0) 

Same  as  #16 

NDP, 

light  damage 

R 

3.1 

(10.0) 

NDP, 

light  damage 

41L 

3.1 

(10.0) 

Same  as  #16 

NDP, 

light  damage 

R 

3.1 

(10.0) 

NDP, 

light  damage 

42L 

3.1 

(10.0) 

Same  as  #16 

NDP, 

light  damage 

R 

3.1 

(10.0) 

NDP, 

light  damage 
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Table  3.  Pall 


Test  Separation 

No.  m  ( f t ) 


43L 

3.1 

(10.0) 

R 

3.1 

(10.0) 

44L 

3.1 

(10.0) 

R 

3.1 

(10.0) 

45L 

3.1 

(10.0) 

R 

3.1 

(10.0) 

46L 

3.1 

(10.0) 

R 

3.1 

(10.0) 

47L 

3.1 

(10.0) 

R 

3.1 

(10.0) 

48L 

3.1 

(10.0) 

R 

3.1 

(10.0) 

tests  (8  projecti 
(cont'd) 

Shielding 

Same  as  #16 

Same  as  #16 
Same  as  #16 
Same  as  #16 
Same  as  #16 
Same  as  #16 


es  per  pallet) 


Remarks 


NDP,  light  damage 
NDP,  light  damage 

NDP,  light  damage 
NDP,  light  damage 

NDP,  light  damage 
NDP,  light  damage 

NDP,  light  damage 
NDP ,  1 i ght  damage 

NDP,  light  damage 
NDP,  light  damage 

NDP,  light  damage 
NDP,  light  damage 
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Figure  1.  155mm  M549  HERA  Projectile  cross-section 


r 
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Figure  2.  Projectile  with  loading  funnel 
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Figure  3.  Test  array,  unshielded  single  projectile 


Figure  4.  Test  array,  shielded  single  projectile 
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Figure  5.  Test  array,  unshielded  pallet 
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Figure  6.  Test  array,  shielded  pallet  no. 


moil 


i 
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Figure  7.  Test  array,  shielded  pallet  no. 
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Figure  8.  Results,  single  projectile,  unshielded 
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Figure  9.  Results,  single  projectile,  unshielded 
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Figure  10.  Results,  single  projectile,  unshielded 
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Figure  11.  Results,  single  projectile,  shielded 


38 


Figure  12.  Results,  pallet  unshielded 
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Figure  13.  Results,  pallet  shielded 


APPENDIX 

STATISTICAL  EVALUATION  OF  EXPLOSION  PROPAGATION 
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STATISTICAL  EVALUATION  OF  EXPLOSION  PROPAGATION 


Statistical  Theory 

The  possibility  of  the  occurrence  of  explosion  propagation 
based  upon  a  statistical  analysis  of  the  test  results  has  been 
evaluated  in  the  main  body  of  the  report.  This  appendix  is 
devoted  to  the  mathematical  means  by  which  the  statistical 

analysis  was  performed. 

The  probability  of  the  occurrence  of  an  explosion 

propagation  is  dependent  upon  the  degree  of  certainty  or 
confidence  level  involved  and  has  upper  and  lower  limits.  The 

lower  limit  for  all  confidence  levels  is  zero;  whereas  the  upper 

limit  is  a  function  of  the  number  of  observations  or,  in  this 
particular  case,  the  number  of  acceptor  items  tested.  Since  each 
observation  is  independent  of  the  others  and  each  observation  has 
a  constant  probability  of  a  reaction  occurrence  (explosion 

propagation)  the  number  of  reactions  (x)  in  a  given  number  of 
observations  (n)  will  have  a  binomial  distribution.  Therefore 
the  estimate  of  the  probability  (p)  of  a  reaction  occurrence  can 
be  represented  mathematically  by 


p  =  x/n  (!) 

and,  therefore,  the  expected  value  of  (x)  is  given  by 


E(x)  -  np  (2) 

Each  confidence  level  will  have  a  specific  upper  limit  (p?) 
depending  upon  the  number  of  observations  involved.  The  upper 
probability  limit  for  a  given  confidence  level  a,  when  a  reaction 
is  not  observed,  is  expressed  as 


(1  -  P2)n  =  e 


(3) 


where 


e  -  (1  -  a)/2  and  a  <  1.0 


(4) 


Use  of  equation  3  is  illustrated  in  the  following  example: 
Example 


Determine  the  upper  probability  limit  of  the  occurrence  of 
an  explosion  propagation  for  a  confidence  level  of  95%  based  upon 
3U  observations  without  a  reaction  occurrence. 
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Gi  ven 


Number  of  Observations  (n)  =  30 
Confidence  Level  (a)  =  95% 

Solution 


1.  Substitute  the  given  value  of  (a)  into  equation  4 
and  solve  for  e: 

e  =  (1  -  a)/2  =  (1  -  0.95J/2  =  0.025 

2.  Substitute  the  given  value  of  (n)  and  value  of  (e) 
into  equation  3  and  solve  for  P2: 

e  =  0.025  =  (1  -  p2)30 

or 

P2  =  0.116(11.6%) 

Concl usi ons 

For  a  95%  confidence  level  and  30  observations,  the  true 
value  of  the  probability  of  explosion  propagation  will  fall 
between  zero  and  0.116;  or  statistically,  it  can  be  interpreted 
that  in  30  observations,  a  maximum  of  (0.116  x  30)  =  3.48 
observations  could  result  in  a  reaction  for  a  95%  confidence 
level . 

Probability  Table 

Table  A-l  shows  the  probability  limits  and  the  range  of  the 
expected  value  E(x)  for  different  numbers  of  observations.  Three 
confidence  limits,  90,  95  and  99%,  are  used  to  derive  the 
probabilities.  The  same  values  are  plotted  in  Figure  A-l. 
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Table  A-l.  Probabilities  of  propagation  for  various  confidence  limits 
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2461  Eisenhower  Avenue 
Alexandria,  VA  22331 

Project  Manager  for  Munitions  Production 
Base  Modernization  and  Expansion 
ATTN:  DRCPM-PBM-LA 

DRCPM-PBM-T-SF 
DRCPM-PBM-EP  (2) 

Dover,  NJ  07801 

Director 

Ballistics  Research  Laboratory 
U.S.  Army  Armament  Research  and 
Development  Command 
ATTN:  DRDAR-BLE,  C.  Kingery  (2) 

DRDAR-TSB-S 

Aberdeen  Proving  Ground,  MD  21010 
Administrator 

Defense  Documentation  Center 
ATTN:  Accessions  Division  (12) 
Cameron  Station 
Alexandria,  VA  22314 

Commander 

U.S.  Army  Construction  Engineering 
Research  Laboratory 
ATTN:  CERL-ER 
Champaign,  IL  61820 

Office,  Chief  of  Engineers 
ATTN:  DAEN-MZA-E 

Washington,  DC  20314 

U.S.  Army  Engineer  District,  Huntsville 
ATTN:  Construction  Division-HAD-ED  (2) 

P.0.  Box  1600,  West  Station 
Huntsville,  AL  35807 

Director 

U.S.  Army  Industrial  Base 
Engineering  Activity 
ATTN:  DRXIB-MT  (2) 

Rock  Island,  IL  61299 
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Director 

DARCOM  Field  Safety  Activity 
ATTN:  DRXOS  (5) 

Charlestown,  IN  47111 

Commander 

Crane  Army  Ammunition  Plant 
ATTN:  SARCN 

Crane,  IN  47522 

Commander 

Hawthorne  Army  Ammunition  Plant 
ATTN:  SARHW-SF 

Hawthorne,  NV  89415 

Commander 

Hols ton  Army  Ammunition  Plant 
ATTN:  SARHO-E 

Kingsport,  TN  37662 

Commander 

Indiana  Army  Ammunition  Plant 
ATTN:  SARIN-OR  (2) 

SARIN-SF 

Charlestown,  IN  47111 
Commander 

Iowa  Army  Ammunition  Plant 
ATTN:  SARIO-S 

Middletown,  IA  52638 

Commander 

Kansas  Army  Ammunition  Plant 
ATTN:  SARKA-CE 

Parsons,  KN  67537 

Commander 

Lone  Star  Army  Ammunition  Plant 
ATTN:  SARLS-IE 

Texarkana,  TX  57701 

Commander 

Longhorn  Army  Ammunition  Plant 
ATTN:  SARLO-S 

Marshall,  TX  75607 
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Commander 

McAlester  Army  Ammunition  Plant 
ATTN:  SARVC-SF 
McAlester,  OK  74501 

Commander 

Milan  Army  Ammunition  Plant 
ATTN:  SARMI-S 
Milan,  TN  38358 

Commander 

Radford  Army  Ammunition  Plant 
ATTN:  SARRA-IE 

Radford,  VA  24141 

Commander 

Sunflower  Army  Ammunition  Plant 
ATTN:  SARSU-S 

Lawrence,  KA  66044 

Commander 

Volunteer  Army  Ammunition  Plant 
ATTN:  SARVO-S 
Chattanooga,  TN  37401 

Commander 

Pine  Bluff  Arsenal 
ATTN:  SARPB-SA 

Pine  Bluff,  AR  71601 

Commander 

Rocky  Mountain  Arsenal 
ATTN:  SARRM-SAF 

Denver,  CO  80240 

Director 

U.S*  Army  Materiel  Systems  Analysis  Activity 
ATTN:  DRXSY-MP 

Aberdeen  Proving  Ground,  MD  21005 

Commander/ Director 
Chemical  Systems  Laboratory 
U.S.  Army  Armament  Research  and 
Development  Command 
ATTN:  DRDAR-CLB-PA,  M.  Miller 

DRDAR-CLJ-L 

APG,  Edgewood  Area,  MD  21010 
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Chief 

Benet  Weapons  Laboratory,  LCWSL 
U.S*  Army  Armament  Research  and 
Development  Command 
ATTN:  DRDAR-LCB-TL 

Watervliet,  NY  12189 

Commander 

Badger  Army  Ammunition  Plant 
ATTN:  SARBA 
Baraboo,  WI  53913 
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